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(54) Photovoltaic element and production method therefor 



(57) The present invention provides a photovoltaic 
element with a low shadow, a high energy conversion 
efficiency, a high freedom in dimension and a high relia- 
bility in the prolonged use, which photovoltaic element 
comprises a photovoltaic layer 32 having a first semi- 
conductor junction layer for generating an electromotive 
force, a current collecting electrode 34 provided at the 



light incident side of the photovoltaic layer, and a bypass 
diode connected in parallel, wherein the bypass diode is 
provided under the current collecting electrode as a 
bypass diode layer 33 having a second semiconductor 
junction layer other than the first semiconductor junction 
layer of the photovoltaic layer. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 J The present Invention relates to a photovoltaic 
element with excellent characteristics and high reliabil- 
ity and a method for producing the photovoltaic element, 
and more specifically 1o a photovoltaic element with 
excellent characteristics and' a reduced loss in the 
energy conversion efficiency by forming a bypass diode 
under a currentcollecting^electrodeand a method for 
producing the photovoltaic element 

Related Background Art 

[0002] A thin film type solar cell employing amorphous 
semiconductor is considered promising because of 
advantages such as of capable of forming a large-area 
solar cell, making the film thickness of a semiconductor 
thinner and depositing a film on an arbitrary substrate, 
in comparison with a single-crystal or polycrystal type 
solar cell. 

[0003] An amorphous silicon type solar cell is formed, 
for example, by staddng p-, I- and n-type thin amor- 
phous silicon layers on a substrata Also, for improving 
the energy conversion efficiency, there is contemplated 
so-called double or triple cell structure in which two or 
more of the above-mentioned pin junctions are super- 
posed in series. At the light incident side and the back 
side of the above-mentioned semiconductor, there are 
formed a pair of electrodes, namely an upper electrode 
and a lower electrode, In the amorphous silicon type 
solar celt, because of the generally high sheet resist- 
ance of the semiconductor itself, there is required a 
transparent upper electrode covering the entire area of 
the semiconductor, which is usually composed of a 
transparent conductive film such as of Sn0 2 or ITO. 
Such transparent conductive film functions also as an 
antireflectlve film. On the upper electrode mentioned 
above, there is provided a current collecting grid elec- 
trode which is formed into a comb-shaped pattern so as 
not to hinder the entry of light, in other words, the irradi- 
ation of light, and a busbar is provided in order to collect 
the current from the grid electrode. 
[0004] As an electric power supply source, a single 
solar cell (photovoltaic element) is incapable of supply- 
ing a sufficient output voltage. For this reason, it is nec- 
essary to use plural solar cells in parallel or serial 
connection. The largest difficulty in utilizing the plural 
cells (elements) in serial connection as described above 
lies in a fact, in a case of no electric power generation 
due to a part of the cells shadowed from the sunlight for 
example, by a building or by accumulated snow, that a 
serially connected solar cell module can no longer gen- 
erate an electric power even though other cells in the 
module still generate electric power, that the total volt- 



age generated by the normally functioning cells Is 
applied, as a backward voltage, to such shadowed cell. 
In case such backward voltage exceeds the tolerable 
voltage of the element, there may result destruction 

5 thereof. In order to prevent such problem in the electric 
power generation or the destruction of the element, It is 
necessary to connect, for each of the serially connected 
elements, a diode parallel to the element but in a direc- 
tion opposite to that of the semiconductor junction of the 

10 element Such diode is generally cajjed a bypass diode. 
[00051 The application of the bypass diode to the solar 
cell is, for example, disclosed in Japanese Patent Appli- 
- cation- Laid-Open Nov 5-1 52596, in which a mold-pack- 
aged diode is connected in parallel to each solar cell. 

is Fig. 9 is a schematic view showing an example of the 
solar cell module utilizing such bypass diode. Fig. 9 
shows a solar cell module 91 connected to . bypass 
diodes, solar cells 92, bypass diodes 93, wirings 94, wir- 
ings 95 for serially connecting the solar cells 92, a glass 

20 plate 96, an encapsulating resin 97, and a back plastic 
material 98. As the diode 93 has a thickness of about 3 
mm in diameter in the case of an usual axial diode, the 
encapsulating resin 97 has to be made correspondingly 
thick 

25 [0006] There is proposed a method of incorporating a 
diode in a semiconductor constituting a solar cell, as 
another method of the prior art, because the attachment 
of an independent diode to the solar cell is considered 
to increase the thickness of a solar cell module by the 

30 thickness of the diode and complicate the manufactur- 
ing process by the wiring work. Such proposal is dis- 
closed, for example,, in Japanese Patent Application 
Laid-Open No. 4-42974, in which a pn junction function- 
ing as a solar cell and a pn junction serving as a bypass 

35 diode are formed on the same substrate in such a man- 
ner that they are mutually connected in parallel. 
[0007] However, with respect to such conventional 
photovoltaic element with the bypass diode, (1) in the 
photovoltaic element employing an amorphous semi- 

40 conductor film formed on the aforementioned substrate, 
there has not been disclosed a method of forming the 
. bypass diode on the same substrate, (2) the configura- 
tion and the producing method require a masking proc- 
ess, which is complex and lacks freedom in size, and (3) 

45 the area of the bypass diode constitutes a loss in the 
effective area of the photovoltaic element, in other 
words, it is necessary to increase the area of the solar 
cell by the area of the bypass diode. 



[0008] In consideration of the above-mentioned prob- 
lems of the conventional technology, an object of the 
present invention is to provide a photovoltaic element 
55 formed by depositing a photovoltaic element portion 
and a bypass diode portion on the same substrate, 
while applying a semiconductor obtained by film forma- 
tion to the portions, without involving a complex proc- 
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ess, whereby the bypass diode portion does not reduce 
the effective area of the photovoltaic element with a high 
freedom in size, and a producing method therefor 
[0009J In order to attain the above-mentioned object, 
the present invention provides a photovoltaic element 
comprising; a photovoltaic layer having a first semicon- 
ductor junction iayer for generating a photoelectromo- 
tive force, a current collecting electrode provided at the 
light incident side of the photovoltaic layer, and a bypass 
diode connected in parallel, wherein the bypass diode Is 
formed under the current collecting electrode as a 
bypass diode layer having a second semiconductor 
junction layer other than the first semiconductor junction 
layer of the photovoltaic layer. 

[0010] Also, the present invention provides a method 
of producing a photovoltaic element, which comprises a 
step of forming, on a conductive substrate or a substrate 
with a conductive film formed thereon, a photovoltaic 
layer having a first semiconductor junction layer for gen- 
erating a photoelectrornotive force in plural positions 
with a predetermined space, a step of forming a bypass 
diode layer having a second semiconductor junction 
layer with a forward direction of a semiconductor junc- 
tion opposite to that of the first semiconductor junction 
layer, on the substrate between the plural positions pf 
the photovoltaic layer, and a step of forming a current 
collecting electrode so as to be connected to the photo- 
voltaic iayer and the bypass diode layer. 
[0011] Because the bypass diode layer is formed 
under the current collecting electrode, the photovoltaic 
layer, for example, having a pin or ph semiconductor 
junction deposited on a substrate, and the bypass diode 
layer can be easily formed by forming a film on the same 
substrate. Consequently the surface of the element can 
be planed and there can be dispensed with the step of 
wiring the bypass diode which is conducted by using a 
separate component in the conventional technology. 
Also the manufacturing process is simplified and is 
improved in reliability and production yield. Further- 
more, the bypass diode layer does not sacrifice the 
effective area of the photovoltaic layer, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a diagram showing an equivalent circuit of 
the photovoltaic element according to the present 
invention; 

Fig. 2 is a schematic cross-sectional view showing 
on example of the semiconductor layer configura- 
tion of the photovoltaic element according to the 
embodiment of the present invention; 
Figs. 3 A, 3B and 3C are schematic cross-sectional 
views showing three different configuration of the 
photovoltaic element according to the present 
invention; 

Figs. 4A and 4B are respectively a plan view and a 



cross-sectional view showing the entire photo- 
voltaic element shown in Figs. 3A, 3B and 3C; 
Fig. 5 is a schematic cross-sectional view showing 
the configuration of a photovoltaic element accord- 

s ing to Example 3 of the present invention; 

Figs. 6A and 6B are schematic views showing a 
method of producing the photovoltaic element 
according to Example 3 of the present invention; 
Figs. 7A and 7B are schematic views showing a 

to part of the producing apparatus to be employed in 
the producing method shown in Figs. 6A and 6B; 
and 

Figs. SA and 8B are schematic views showing a 
method of obtaining the photovoltaic element by 
is division, according to Example 4 of the present 
invention; 

Fig. 9 is a schematic cross-sectional view showing 
the serial configuration of the conventional photo- 
voltaic elements. 

20 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 3] In the present embodiment, th e semiconductor 
25. material for forming the photovoltaic element may be 
crystalline or amorphous, but is preferably one capable 
of forming a thin semiconductor film on the substrate. 
Such thin semiconductor films are usually formed by an 
usual vacuum film forming process, but similar effects 
so can also be obtained by a liquid phase process. The 
photovoltaic layer and the bypass diode layer may be 
simultaneously formed in the above-mentioned film 
forming process, .but they may also be formed sepa- 
rately with different film forming apparatus. When the 
35 substrate is long, the film formation can be executed by 
a roll-to-roll process. In view of productivity, there is 
preferably used a process in which the semiconductor 
layers are deposited in succession while the substrate is 
transported through plural film forming chambers, Also, 
40 there is a leaf-by-leaf process, in other words, a sheet- 
by-sheet process in which the semiconductor layers are 
deposited in succession in the course of transportation 
of the substrate. Thrs process is also preferable. 
10014] In the present embodiment, the forward direc- 
ts tion of each junction of the first and second semicon- 
ductor junction layers is mutually opposite. More 
specifically, the bypass diode layer as the second semi- 
conductor junction layer is formed so as to have a pn or 
pin junction with a forward direction opposite to that of 
so the photovoltaic tayer as the first semiconductor junction 
layer, so as to be provided in parallel with respect to the 
photovoltaic layer, and so as to maintain the surface, of 
the layers at the same level. In order to change the sem- 
iconductor film formed on the substrate, a mask can be 
55 used. More specifically, In the case of forming the amor- 
phous semiconductor by a vacuum process utilizing 
plasma CVD, there may be positioned a plate for cover- 
ing the substrate in a part of the vacuum chamber, for 
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example, in the width direction of the substrate where 
the current collecting electrode is to be formed, in order 
to prevent the film formation in such covered position. 
[001 5J The photovoltaic element of the present 
embodiment is produced by forming a photovoltaic layer s 
and the bypass diode iayer on the same substrate, but 
the bypass diode layer has to be connected in parallel to 
the photovoltaic layer and formed so that the surface of 
the bypass diode is the same level as that of the photo- 
voltaic jayer, Also the brvvari^r^piiB of s.emiconduc- 10 
tor Junctions of the layers have to be mutually opposite 
to each other. Fig; 1 shows an equivalent circuit haying 
the^ojn^^^ 

bypas^.dio^ Rg. 1 sh{^Xdioci^^ I'l^the 
photovoltaic layer, a DC power source component 12 of is 
the photovoltaic layer, and a bypass diode layer 13. The 
above-described configuration can be obtained by form- 
ing one polar of the photovoltaic layer and one polar of 
the bypass diode layer on the same substrate, and 
mutually connecting the other polars with a metal elec- 20 
trode, Specifically, the photovoltaic layer and the bypass 
diode layer are both connected to the current collecting - 
electrode as the metal electrode at the light incident 
side. 

[0016] The above-described configuration is shown in 25 
Fig, 2. Fig. 2 is a schematic cross-sectional view show- 
ing on example of the semiconductor layer configuration 
of the photovoltaic element according to the present 
embodiment. As shown in Fig. 2,. a semiconductor layer 
21 is provided on a substrate 22, and linear current col- so 
lecting electrodes 25 are further provided thereon with 
an interval therebetween. The side of the current col- 
lecting electrodes 25 is a light incident side. The semi- 
conductor layer 21 has a bypass diode layer 23 and a 
photovoltaic layer 24. Th e bypass diode layer 23 and the 35 
photovoltaic layer 24 are alternately provided adjacent 
to each other. The current collecting electrode 25 is 
formed just on the bypass diode layer 23 so as not to 
hinder an incident light. Further, the current collecting 
electrode 25 is connected to the bypass diode layer 23, 40 
and the ends of the current collecting electrode 25 are 
connected to the photovoltaic layer 24. The bypass 
diode layer 23 is composed of a plurality of semiconduc- 
tor layers 231 and 232 different in characteristics from 
each other in this order from the- light-receiving side as 
toward the side of the substrate 22. Fig. 2 shows one 
example in which the bypass diode layer has a two-lay- 
ered structure of a p-type and an n-type layers. Similarly 
to the bypass diode layer 23 ; the photovoltaic layer 24 is 
composed of a plurality of semiconductor layers 241' so 
and 242 different in characteristics from each other, and 
as one example the photovoltaic layer is composed of a 
p-type and an n-type layers. The semiconductor layers 
231 and 241 are different in characteristics from each 
other, in other words, when one semiconductor layer is ss 
a p-type layer, the other semiconductor layer is an n- 
type layer. Similarly, the semiconductor layers 232 and 
242 are different in characteristics from each other. 



[0017] The photovoltaic layer and the bypass diode 
layer are laterally formed adjacent to each other on the 
same substrate, and are formed in mutually parallel 
belt-like shape of the substantially same length, both in 
the roll-troll feeding method or in the leaf-by-leaf feeding 
method* By forming these layers in mutually parallel 
belt-like shape substantially equal in length of at least a 
long side thereof, and by dividing a large photovoltaic 
element along the long side of the belt-like shape, it is 
rendered possible to obtain a .small, photovoltaic ele- 
ment of an ait itrary width which contains a desired 
number c| the b^ belt-, 
litebyj^ ~. v .\,^ - K ^ f: yi ^ u *-. : ' 

[0018] The photovoltaic element of the present 
embodiment may be produced, except for one shown In 
Fig. 2, by. simultaneously forming .at least one of. the 
semiconductor layers constituting the first semiconduc- 
tor junction layer and at least one of those constituting 
the second semiconductor junction layer with the same 
material. For example, when each of the first and sec- 
ond semiconductor junction layers is a pin junction layer 
including an intrinsic layer, the intrinsic iayer may be 
continuously extended over both semiconductor junc- 
tion layers. In such case, the intrinsic layer (i-type layer) 
may be provided in common to both the first and second 
semiconductor junction layers, though the order of 
deposited layers of the pin junctions is different in the 
first and second semiconductor junction layers. Such 
. configuration may be obtained by forming the i-type lay- 
ers of both junction layers with the same material at the 
same time in formation of the first and second semicon- 
ductor junctions layers with a pin junction. After forming 
the i-type layer, the surface of a layer formed on the i- 
type layers on the both junction layers can be adjusted 
to the same level. 

[0019] The first semiconductor junction layer as the 
photovoltaic layer may have a triple cell structure of 
three stacked semiconductor layers each having a pin 
or pn junction, and the second semiconductor junction 
layer as the bypass diode layer may have a single cell 
structure of a single semiconductor layer having a pin or 
pn junction. Such configuration allows to simplify the 
manufacturing process. For example, in case the first 
semiconductor junction layer is composed of three" 
stacked pin junctions, the bypass diode layer can be 
formed in formation of the p-type layer of the bottom pin 
junction, the i-type layer of the middle pin junction and 
the n-type layer of the top pin junction. That is. the third, 
fifth and. seventh layers among nine layers constituting 
the first semiconductor junction layer are respectively 
formed simultaneously with the first, second and third 
layers constituting the second semiconductor junction 
layer by using the same materials. In other words, the 
third layer among nine layers constituting the first semi- 
conductor junction layer is formed simultaneously with 
the first layer constituting the second semiconductor 
junction layer by using the same material; the fifth layer 
among nine layers constituting the first semiconductor 
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junction layer is formed simultaneously with the second 
layer constituting the second semiconductor junction 
layer by using the same material; and the seventh layer 
among nine layers constituting the first semiconductor 
junction layer is formed simultaneously with the third 
layer constituting the second semiconductor junction 
layer by using the same material, 

[First Semiconductor Layer] 

[0020] The semiconductor layers constituting the first 
semiconductor junction layer can be composed of thin 
semiconductors such as amorphous silicon, microcrys- 
talline silicon or polycrystalline silicon. In case the 
present invention is applied to a pin-type amorphous sil- 
icon solar cell, the semiconductor material constituting 
the i-type layer can include so-called Group IV or Group 
VI alloy type amorphous or microcrystalline semicon- 
ductor such as a-Si:H, a-Si:F, a-Si:H:Fi a-SiGe:H, a- 
SiGe:F, a-SiGe:H:F, a-SiC:H. a-SiC:F or a-SiC:H:F. The 
semiconductor material constituting thep-type or n-type 
layer can be obtained by doping the above-mentioned 
semiconductor material constituting the i-type layer with 
a valence electron controlling substance. As the 
valence electron controlling substance for obtaining the 
p-type semiconductor, there is employed a compound 
containing an element of Group III of the periodic table. 
The element of Group 111 includes B r Al, Ga and In. Also 
the valence electron controlling substance for obtaining 
the n-type semiconductor, there is employed a com- 
pound containing* an element of Group V of the periodic 
table. The element of Group V includes P, N, As and Sb. 
[0021] The amorphous or microcrystalline silicon 
semiconductor layer can be formed by a known method 
such as evaporation, sputtering, plasma CVD, micro- 
wave plasma CVD, VHFCVD, ECR, thermal CVD or 
LPCVD. For industrial application, there Is principally 
employed the RF plasma CVD in which a raw material 
gas is decomposed by RF plasma and deposited onto 
the substrate. The RF plasma CVD process is associ- 
ated with drawbacks that the decomposition efficiency 
of the raw material gas is as low as about 1 0% and that 
the deposition rate is as low as 1 to 10 A/sec, and micro- 
wave plasma CVD and VHF plasma CVD are contem- 
plated in order to overcome these drawbacks. As the 
apparatus for executing the film formation mentioned 
above, there can be employed a known film-forming 
apparatus of batch or continuous type depending on 
necessity. The photovoltaic element of the present 
invention is applicable also to so-called tandem cell in 
which two or more semiconductor junctions are stacked 
in order to improve the spectral sensitivity or to increase 
the output voltage. 

[0022J In order to individually form the photovoltaic 
layer and the bypass diode layer, there may be provided 
a deposition preventing plate (mask) for preventing the 
film deposition in the vacuum chamber. In this case, the 
leaf -by-leaf feeding apparatus may be used. Also, the 



first semiconductor junction layer of the photovoltaic 
layer is formed in the order of. n, i and p, while the sec- 
ond semiconductor junction layer of the bypass layer is 
formed in the order of p, i and n. 
5 [0023] Next, the members constituting the solar cell 
having the photovoltaic element according to the 
present embodiment The structure of this solar cell is 
shown in Figs. 4A and 4B, but the explanation of Figs. 
4A and 4B will be described later, 

10 

[Substrate] 

[00241 Though the substrate is not essential in the 
present invention, an advantageous configuration can 

is be obtained by forming thin semiconductor films on a 
substrate with an appropriate shape or size. For exam- 
ple, when the substrate is composed of a metal, the 
substrate can be used not only for mechanically sup- 
porting the thin films such as the semiconductor layers 

so and the electrode layer, but also for functioning as an 
electrode (first electrode). The substrate can be com- 
posed of a conductive or insulating material, but when 
the substrate is composed of an insulating material, the 
surface of the substrate is subjected to a conductive 

25. treatment to utilize it as an electrode. Such substrate is 
required to have heat resistance capable of withstand- 
ing the heating temperature in formation of the semicon- 
ductor layers and the electrode layer. It is also required 
to be of a continuous long form in the case of the roll-to- 

30 roll film-forming process, and further required to be 
dimensional ly stable without elongation, in order to ena- 
ble winding under a tension. 

[0025] Among the substrate materials meeting the 
above-described requirements, the preferred conduc- 
es five substrate includes a thin plate composed of a metal 
such as Fe, Ni, Cr, Al, Mo, Au, Nb, Ta, V, Ti, Pt, Pb or Ti, 
an alloy thereof such as brass or stainless steel, or a 
composite material thereof, a carbon sheet or a zinc- 
plated steel plate. Particularly preferred is the stainless 
40 steel because of various features such as satisfactory 
heat resistance to the heating temperature at the film 
formation and a high mechanical strength suitable for 
continuous film formation such as a roll-to-roll system, 
for example, even in the case of a thickness as small as 
45 0,15 mm. Also, among the substrate materials, a pre- 
ferred insulating substrate includes a heat-resistant 
resin film or sheet such as of polyester, polyethylene, 
polycarbonate, cellulose acetate, polypropoylene. poly- 
vinyl chloride, polyvinylidene chloride, polystyrene, 
so polyamide, polyimide, epoxy resin, a composite material 
of. such resin material with glass fibers, carbon fibers or 
boron fibers, glass or a ceramic material Particularly 
preferred is a glass or polyimide substrate. 

55 [Upper Electrode] 

[0026] The photovoltaic layer may have an upper elec- 
trode at the light incident side thereof. Such upper eiec- 
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trod© is not essential in the present invention, but is 
provided for reducing the sheet resistance in case the 
first semiconductor junction layer is composed of a 
material of a high resistance such as amorphous sili- 
con. It is not necessary to provide the upper electrode 
when the sheet resistance is |ow as in the. case of crys- 
talline materials Including microcrystal. The upper elec- 
trode serves to gather the electromotive force 
generated in the first semiconductor junction layer, and 
functions in pair with the first electrode at the substrate 
side. The upper electrode is required to gather the cur- 
rent in a direction parallel to the substrate in case of uti- 
lizip f the,, semicond.uctgr material of a high sheet 
restoanc^sy^ .arid, prefeS/. 

has a sheet resistance not exceeding 300 Qfa. the 
thickness of the upper electrode must be designed so 
as to have a sufficiently low resistance and satisfactory 
transparency, and in some cases, to minimize the light 
reflection at the wavelength of the light to be transmit- 
ted, based on the light interference condition. For exam- 
ple, in order to minimize the reflection of the light of 550 
nm by using ITO as the upper electrode, there is pre- 
ferred a thickness of about 700 A. Also, the above-men' 
ttoned upper electrode (second electrode) is positioned 
at the light incident side and preferably has a light trans- 
. mrttance of at least 85% in order that the light from the 
sun or a white fluorescent lamp is efficiently absorbed 
by the semiconductor layer. Examples of the preferred 
material with such characteristics include metal oxides 
such as Sn0 2 , ln a 0 3 , ZnO, CdO, CdSn0 4 and ITO 
(ln 2 0 3 + Sn0 2 ). The upper electrode (second elec- 
trode) can be formed with a known method such as 
evaporation, sputtering or reactive sputtering. 

[Current Collecting Electrode] 

[0027] The current collecting electrodes are provided 
at an interval therebetween on the light-receiving side. 
Further,' the current collecting electrodes are formed in 
a comb-like shape on the upper (second) electrode, and 
-is formed as an electrode of low resistance for improv- 
ing the energy conversion efficiency of the photovoltaic 
element, because the current collection directly from the 
second electrode of high sheet resistance results in a 
low energy conversion efficiency by the high series 
resistance. The width and pitch of the current collecting 
electrodes are designed so as to minimize the electrical 
resistance in current collection and the shadow loss. 
The current collecting electrode is required to have a 
low specific resistivity, and not to constitute a series 
resistance with respect to the photovoltaic element The 
specific resistivity is preferably within a range of 10" 2 to 
10" 6 Ocm. The current collecting electrode is composed 
of a metal such as Ti r Cr, Mo, W, Al, Ag, Ni, Cu. Sn, Pt 
or Cu ( an alloy thereof or solder. The current collecting 
electrode can be formed by printing of so-called con- 
ductive paste, which is consisted of the above-men- 
tioned powdered metallic material mixed with a polymer 



binder and a solvent for the binder in appropriate ratio, 
plating of the above-mentioned metallic material, or 
placing of a wire of the above-mentioned metallic mate- 
rial. 

5 [0028] The comb-shaped current collecting electrode 
maybe formed in a desired shape and position by sput- 
tering, resistance heating or CVD, while employing a 
mask of a desired shape. There may also be employed 
a method of evaporating a metal over the entire surface 

10 and patterning the obtained metal layer by etching, a 
method of directly forming the pattern of the current 'col- 
lecting electrode,by photo CVD, a method of forming a 
mask of i-the negative' pattern? of the ^current -colteciing 
electrode-: followed, by plating^ or >■ a method -of screen 

is printing of a conductive paste, the above-mentioned 
screen printing method consists of printing the conduc- 
tive paste through a screen having a desired pattern on 
a polyester or stainless stee! mesh, and can provide a 
current collecting electrode of a width of about 50 jxm at 

20 minimum. The printing can be advantageously executed 
in a commercially available screen printing machine. 
The screen printed conductive paste is heated in a dry- 
ing oven, in order to crosslink the binder and to evapo- 
rate the solvent. The drying oven can be a hot air oven 

25 or an infrared oven. 

[0029] The current collecting electrode may also be 
formed with a metal wire. In such case there is advanta- 
geously employed a metal wire such as of Ti, Cr, Mo, W, 
Al, Ag, Ni, Cu, Sn, Pt or Cu with a diameter preferably 

30 within a range of 50 urn to 200 jam. The current collect- 
ing electrode can be provided by adhering the metaj 
wire to the second electrode with a conductive adhe- 
sive. The metal wire may be coated in advance with the 
conductive adhesive. Further, the current collecting 

35 electrode may be provided directly on the bypass diade 
layer. In this case, the upper electrode must be con- 
nected to both of the. photovoltaic layer and the current 
collecting electrode. 

40 [BusBar] 

[0030] In the present invention, the busbar may be 
employed if necessary. The busbar serves as an elec- 
trode for further collecting the currents in the current col- 

45 lecting electrode to an end. Trie busbar can be 
composed of a metal such as Ag, Pt or Cu or an alloy 
thereof. The busbar may be formed in a wire, a foil or a 
conductive paste similar to that employed for the current 
collecting electrode. The foil-shaped busbar may be 

so composed, for example, of a copper foil or a tin-plated 
copper foil, optionally coated with an adhesive. The bus- 
bar may be formed by fixing a metal wire with conduc- 
tive adhesive, or by adhering a copper fail. Otherwise it 
may be formed in a similar manner to the case of the 

55 current collecting electrode. 



6 



11 



EP0 971 417 A2 



12 



[Second Semiconductor Junction Layer] 

[0031 ] The second semiconductor junction layer in the 
bypass diode layer is composed of thin semiconductor 
layers deposited on the aforementioned substrate and 
having at ieast a pn or pin junction as described above t 
and is formed by using aimost the same materials and 
method as in the case of the first semiconductor junc- 
tion layer. The second semiconductor junction layer may 
be formed simultaneously with or separately from the 
first semiconductor junction layer. For example, in case 
the photovoltaic element is shielded from light, the 
bypass diode performs a function of bypassing an oper- 
ation current generated by other photovoltaic elements 
connected in series, and is required to be capable of 
bypassing the operation current at the operation point of 
the photovoltaic element. For this purpose, the opera- 
tion current and the operation voltage of the bypass 
diode are determined according to the desired specifi- 
cations of the photovoltaic elements. The operation cur- 
rent of the bypass diode may be increased or 
decreased, for example, by increasing or decreasing 
the area of the bypass diode layer or the impurity den- 
sity in the semiconductor layer 
[0032] In the following there will be explained exam- 
ples of the present invention, but it is to be understood 
that the present invention is not limited by these exam- 
ples. 

[Example 1] 

[0033] Figs. 3A to 3C are schematic cross-sectional 
views showing bypass diode portions in three kinds of 
the photovoltaic elements with bypass diodes, accord- 
ing to the examples of the present invention. As shown 
in these drawings, each of photovoltaic elements 30 is 
composed of a photovoltaic layer 32 having a semicon- 
ductor junction layer for generating a photoelectromo- 
tive force, a current collecting electrode 34 provided on 
a bypass diode layer 38. The bypass diode layer 38 is 
composed of a second semiconductor junction layer 
other than the first semiconductor junction layer in the 
photovoltaic layer 32. 

[0034] tn the element shown in Fig. 3A, each of the 
semiconductor junction layers of the photovoltaic fayer 
32 and the bypass diode layer 38 is formed so as to 
have one pin junction* There is also provided an upper 
electrode 33 at the light-receiving surface side. An 
intrinsic layer 36 of the bypass diode layer 38 and an 
intrinsic layer 35 of the photovoltaic layer 32 are formed 
separately. In the element shown in Fig. 3B, each of the 
semiconductor junction layers of the photovoltaic layer 
32 and the bypass diode layer 38 is formed so as to 
have one pn junction formed by thin films and there is no 
upper electrode because the thin films have a small 
sheet resistance. In the element shown in Fig. 3C, the 
intrinsic layer of the photovoltaic layer 32 and the intrin- 
sic 37 of the bypass diode layer 38 are commonly pro- 



vided so as to continuously arrange over both 
semiconductor junction layers. Figs. 4A and 4B are 
respectively a plan view seen from the light-receiving 
surface side and a cross-sectional view of the entire 

s photovoltaic element having the configurations shown in 
Figs, 3A to 3C. Fig. 4B is a cross-sectional view along 
the current collecting electrode 44. 
[0035] The photovoltaic element shown in Fig. 3A was 
produced in the following manner. At first, a sufficiently 

10 decreased and rinsed substrate 31 of SUS430BA (0.2 
mm in thickness) was placed in a RF plasma CVD. 
apparatus not shown in the drawings and then sub- 
jected to the deposition of n-type, i-type and p-type lay- 
ers in this order, thereby obtaining the semiconductor 

15 junction layer of the photovoltaic layer 32. In this opera- 
tion, the substrate 31 was masked with a polyimide 
adhesive tape in lines of a width of 1 mm spaced with a 
gap of 5 mm therebetween, in order to prevent forma- 
tion of the semiconductor junction layer in thus masked 

20 area. That is, the semiconductor junction layer of the 
photovoltaic layer 32 was formed jn plural positions 
mutually separated by a gap of 1 mm. 
[0036] Then the substrate 31 having the semiconduc- 
tor junction layer formed thereon was placed in an evap- 

25 oration apparatus of resistance heating type not shown 
in the drawings, and subjected to the evaporation of In- 
Sn alloy by resistance heating under an internal pres- 
sure of 1 x 10~ 4 Torr while introducing oxygen to deposit 
a transparent ETO upper electrode 33 of a thickness of 

30 700 A having also an antiref lective effect, thereby com- 
pleting the photovoltaic layer 32. 
[0037] Then the above-mention ed mask was removed 
from the substrate 31, the photovoltaic layer 32 was 
masked instead, and the above-mentioned CVD film 

35 forming apparatus was employed to deposit p-type, i- 
type and n-type layers in this order to complete the 
bypass diode 38. The bypass diode layer 38 having the 
p-type, i-type and n-type layers was formed so that the 
surface of the bypass diode layer had the same level as 

40 that of the photovoltaic layer 32 adjacent to the bypass 
diode layer. Further, the upper electrode 33 was formed 
on the bypass diode layer 33 so that the surface of the 
upper electrode 33 formed on the bypass diode layer 33 
had the same level as that of the upper electrode 

45 formed on the photovoltaic layer 32. 

[0038] Subsequently the circumference of the upper 
electrode 33 was etched to form an area 47 in which the 
semiconductor was exposed. Then an insulating tape 
45 was adhered to an end of the substrate 31 . 

so [0039] Then a copper wire of a diameter of 100 jim, 
coated with a conductive resin consisting of carbon 
black dispersed in urethane resin, was positioned on the 
bypass diode layer 38 so as to be in contact with the 
upper electrode 33, and was fixed onto the upper elec- 

55 trode 33 and the insulating tape 45 by heating for 10 
minutes at 200°C under a pressure of 1 kg/cm 2 , thereby 
completing the current collecting electrode 34. 
[0040] Then a busbar 46 consisting of a copper foil of 
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a thickness of 1 00 prn was adhered onto the current col- . 
lecting electrode 44 so as to overlap with the insulating 
tape 45, whereby the photovoltaic element with the 
bypass diode shown in Fig. 3A was completed. 
[0041 J Ten samples of this photovoltaic element were s 
produced in the same manner. 
[0042] Then these samples were subjected to resin- 
sealing (encapsulation) as follows. At first EVA resins 
were placed on and under the substrate 31. In this casB, 
the bypass diode Jayer and the photovoltaic layer were 10 
covered with tine EVA resin. The EVA resin at the light 
Incident, side had a thickness of 25.0 prru. Further, a fluorr. . 
oresjn fijrn^vyas stacked on the light incident side .so as- : 
to overlap the > EVA resin, while a metal plate was .... . 
stacked on th e back side so as to overlap the EVA resin, is 
Then, the stacked components were subjected to vac- 
uum lamination in a vacuum laminator for 60 minutes at 
1 50*C in order to conduct hot-pressing. 
[0043] Then, each encapsulated sample was sub- 
jected to the measurement of the initial characteristics 20 
according to the output measuring method for the amor- 
phous solar cell module, defined in JIS C8935. At first 
the energy conversion efficiency was determined by 
measuring the solar cell characteristics with a solar sim- 
ulator fight source (manufactured by SPIRE Co., herein- 25 
after referred to as "simulator") of a light amount of 100 
mW/cm 2 at an AMI .5 global sunlight spectrum. The 
obtained characteristics were satisfactory with little fluc- 
tuation, and the shadow loss was 4,5%. 
[0044] Then the samples were subjected to the meas- 30 
urement of reliability, according to the temperature- 
humidity cycle test A-2 defined in the environmental and 
durability test methods for the amorphous solar cell 
module in JIS C893S. Specifically, the sample was 
placed in a constant temperature/humidity container 35 
with controllable temperature and humidity, and was 
subjected to a cycle test of varying the temperature from 
-40*C to +85*C (85% relative humidity) ten times. Under 
the observation after testing, the samples showed satis- 
factory appearance without any peeling or bubbling of 40 
the laminating materials, 

[0045] As explained in the foregoing, the photovoltaic 
element of the present example was produced by inte- 
grating the bypass diode portion with the photovoltaic 
layer and providing the bypass diode layer 38 under the 4S 
current collecting electrode 34. It is therefore possible to 
reduce the shadow loss, to plane the entire photovoltaic 
element, thereby allowing to employ thinner lamination 
materials and to obtain satisfactory reliability. 

so 

[Comparative Example 1] 

[0046] For the purpose of comparison, a photovoltaic 
elements 92 with the conventional bypass diode 93 as . 
shown in Fig. 9 was produced in substantially the same 55 
manner as in Example 1 . More specifically, by using the 
same method as in Example 1 , there was conducted up 
to the formation of an upper electrode (not shown in the 



drawings) on a substrate (not shown in the drawings), 
and then the current collecting electrode and the busbar 
were formed thereon to obtain the photovoltaic element 
92. 

[0047] Subsequently the diode 93 was connected to 
the photovoltaic element 92, and lamination (encapsu- 
lation) was executed in the same manner as in Example 
1 to obtain a solar cell module 91 . In this operation, the 
lamination material was varied in thickness as 250 um, 
500 ttrn, 1 mm and 3 mm. Thefilingwas insufficient at 
thicknesses not larger than 1 mm, but satisfactory at a 
thickness of 3 mm.; . ; v ;L 
[0048]* . The foregoing results-, indicate that the; photo- 
voltaic element with bypass diode of Example 1 can 
provide a solar cell module thinner than that with the 
conventional photovoltaic element 92, thereby allowing 
to reduce the amount of the lamination material. 

[Example 2] 

[0049] In this example, a photovoltaic element module 
(not shown in the drawings) formed by seriai connection 
of the photovoltaic elements 40 with bypass diode hav- 
ing the configuration shown in Figs. 4A and 4B. Specifi- 
cally, at first there were produced ten photovoltaic 
elements with bypass diodes of the configuration shown 
in Figs. 4A and 4B. The busbar 46 of each photovoltaic 
element was connected through an interconnector to 
the substrate 41 of an adjacent photovoltaic element, 
and this connection was repeatedly conducted to obtain 
ten photovoltaic elements connected in series, 
[0050] Then the photovoltaic elements connected in 
series were subjected to encapsulation in the following 
manner. Specifically, at first, EVA resins were stacked 
on and under each substrate 41, i.e., on the light inci- 
dent side and the opposite side thereof. The EVA resin 
on the light incident side had a thickness of 250 p.m. 
Then a fiuororesin film was further stacked on the light 
incident side, while a metal plate was stacked on the 
back side. Then the stacked components were sub- 
jected to vacuum lamination in a vacuum lamination for 
60 minutes at 150°C. 

[0051 ] Then, the encapsulated photovoltaic elements 
connected were subjected to the measurement of the 
initial characteristics according to the output measuring 
method for the amorphous solar cell module, defined in 
JIS C8935. Specifically, at first r the energy conversion 
efficiency was determined by measuring the solar cell 
.characteristics with the solar simulator light source 
(manufacture by SPIRE Co., hereinafter referred to as 
"simulator") of a light amount of 10 mW/cm 2 at an 
AM1 .5 global sunlight spectrum. The obtained charac- 
teristics were satisfactory with little fluctuation. 
[0052] Then the reliability was measured by the hot 
spot test A-1 defined in the environmental and durability 
test methods for the amorphous solar cell module in JIS 
C8938. Specifically, at first the sample was irradiated 
with the light of 100 mW/cm 2 in the solar simulator, 
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while one photovoltaic element among the serially con- 
nected ten photovoltaic elements-containing module 
(ten photovoltaic elements connected in series) was 
shadowed. . After standing for ten minutes in this condi- 
tion, the solar cell characteristics were measured with 
the simulator in the same manner as in the measure- 
ment of the initial characteristics, but no significant deg- 
radation was observed in comparison with the initial 
conversion efficiency. 

[0053] The foregoing results indicate that the solar cell 
comprising the photovoltaic elements of the present 
example has satisfactory characteristics, also can avoid 
the hot spot damage resulting from a partial shadow, 
and also has high reliability. 

[Comparative Example 2] 

[0054] • For the purpose of comparison, conventional 
photovoltaic elements without the bypass diode were 
produced in substantially the same manner as in Exam- 
pie 1, More specifically, at first there was executed the 
same method as in Example 1 up to the preparation of 
the upper electrode on the substrate. Then an insulating 
layer with an adhesive material was adhered to both 
ends of the substrate, and the current collecting elec- 
trode was formed in the same manner as in Example 1 . 
Then the busbar consisting of a copper foil was stacked 
to complete the photovoltaic element. 
[0055] Then, ten photovoltaic elements thus produced 
were connected in series, and the serial photovoltaic 
elements thus obtained were encapsulated in the same 
manner as in Example 1 . 

[0056] The. encapsulated photovoltaic elements were 
subjected to the measurement of the initial characteris- 
tics in the same procedure as in Example 1 , and to the 
evaluation of the reliability in the same manner as in 
Example 2. The measurement after the tests revealed 
that the energy conversion efficiency decreased by 
about 7.5%. The cause of the decrease in the efficiency 
was analyzed and attributed to the shunting of the pho- 
tovoltaic element in the shadowed area which was gen- 
erated by the application of a reverse bias to such 
shadowed photovoltaic element. 

[Example 3] 

[0057] Fig. 5 is a cross-sectional view of the photo- 
voltaic element of Example 3 of the present invention. 
As shown In Fig. 5, the photovoltaic layer 52 in this pho- 
tovoltaic element 50 has a triple ceil structure, in which 
the semiconductor junction layer consists of three 
stacked semiconductor layers each including a pin junc- 
tion. On the other hand, the bypass diode layer 53 has 
a single cell structure, in which the semiconductor junc- 
tion layer includes only one semiconductor layer having 
a pin junction. The photovoltaic layer 52 and the bypass 
diode layer 53 are formed laterally adjacent to each 
other on the same substrate 51, wherein the forward 



directions of the respective semiconductor junction lay- 
ers have mutually opposite to each other. The photo- 
voltaic Fayer 52 and the bypass diode layer 53 are 
connected to the current collecting diode 54 at the light 
s incident side. Similarly, there can be formed a photo- 
voltaic element comprising a photovoltaic layer 52 hav- 
ing a triple ceil structure of pn junctions and a bypass 
diode layer 53 having a single cell structure of a pn junc- 
\ tion. 

10 [0058] Figs. 6A, 6B ( 7A and 7B show a method of 
forming the photovoltaic element 50 in a roll-to-roll proc- 
ess by a triple cell film-forming apparatus 60. Fig, 6A is 
a schematic cross-sectional view of the film-forming 
apparatus utilizing the roll-to-roll process. As shown in ' 

15 Fig. 6A r there are arranged film-forming chambers 62 to 

70 in this order. Among them, the chamber 62, 65 and 
68 are used for forming n-type layers, the chambers 63, 
66 and 69 are used for forming i-type layers and the 
chambers 64, 67 and 70 are used for forming p-type lay- 
so ers to obtain triple cells. Figs. 7A and 7B are a plan view 

and a cross-sectional view showing a state of passing 
the substrate through the chamber provided a mask 
(baffle plates). Except for the chambers 64, 66 and 68 
for forming the p-type layer of the bottom layer, the i- 

25 type layer of the middle layer and the n-type layer of the . 
top layer, each chamber 72 is provided with bafl le plates 
73 for intercepting the plasma as shown in Fig. 7B, 
thereby preventing film formation on a part of the sub- 
strate 51, The baffle plates 73 are positioned corre- 

30 sponding to the plural current collecting electrodes 54, 
and are provided with a width substantially equal to that 
of the current collecting electrode 54. By employing the 
above-described, structure, the p-type layer of the bot- 
tom layer, the i-type layer of the middle layer and the n- 

35 type layer of the top layer is formed on a part of the sub- 
strate 51 to complete the bypass diode layer 53 on the 
substrate, while forming the semiconductor junction lay- 
ers of the photovoltaic layer 52 on the substrate. In other 
words, the third t fifth and seventh layers among nine 

4o semiconductor layers constituting the semiconductor 
junction layer of the photovoltaic layer 52 are respec- 
tively formed simultaneously with the first, second and 
third layers of three semiconductor layers constituting 
the semiconductor junction layer of the bypass diode 

45 layer 53, by using the same materials. 

[0059] The above-described apparatus was used for 
forming the photovoltaic element 50 shown in Fig. 5 in 
the following manners. At first, as shown in Fig, 6A, a 
coiled long SUS430 substrate 51 was set in a feeding 

so chamber 61 of the film-forming apparatus and was 
transported at a constant speed to a wind-up chamber 

71 at the other end, and the photovoltaic layer 52 and 
the bypass diode layer 53 were formed on the substrate 
51 as shown in Fig. 6B in the course of transportation. 

55 Then another vacuum chamber not shown in the draw- 
ings was used to form the upper electrode only on the 
photovoltaic layer 52. After the film formation, the long 
substrate 51 was cut into sheets of a length of 20 cm. 
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Subsequently, an upper electrode at the periphery of 
each cut substrate was removed by etching as in Exam- 
ple 1 , and a current collecting electrode and a busbar 
were formed, 

[0060] Then ten photovoltafc elements 50. thus pro- 
duced were encapsulated as in Example 1 to obtain ten 
samples of the photovoltaic element, 
[0061 ] The obtained samples were, subjected to the 
measurement of the initial characteristics in the same 
manner as in Example 1, The samples showed satisfac-^ 
tory conversion efficiency within a range of 8,5 ± 1.5%, . 
with a shadow toss as small as 4.5% and with little fluc- 
tuation; . > . : v^* to j;; • 

[Example 4] 

[0062] In this example, there was produced a photo- 
voltaic element 80 with bypass diode of a configuration 
shown in Fig. 8A, and such photovoltaic element was 
then divided to obtain separate photovoltaic elements 
with an arbitrary width such as a photovoltaic element 
90 shown in Fig. 8 B. 

[0063] At first there was executed the process of 
Example 1 up to the formation of the upper electrode 
83. and the upper electrode 83 in a portion to be divided 
and in the periphery of the substrate to form a region 87 
in which the semiconductor was exposed. Then the cur- 
rent collecting electrode 84 was fixed in the same man- 
ner as in Example 1. Further, the current- collecting 
electrode 84 and the busbar 89 were fixed with a silver 
paste to complete the photovoltaic element 80 with a 
bypass diode of a configuration shown in Fig. 8A, 
[0064] Subsequently the photovoltaic element 80 thus 
produced was subjected to the measurement of the 
conversion efficiency. Thereafter the photovoltaic ele- 
ment was divided into four pieces along the etching 
lines to obtain the photovoltaic elements 90 as shown in 
Fig. 8B. These photovoltaic elements 90 were subjected 
to the measurement of the conversion efficiency, 
[0065] Comparison of the conversion efficiencies of 
the photovoltaic elements 80 and 90 revealed that the 
conversion efficiency scarcely varied before and after 
the division, thereby indicating no damage by division. 
Consequently it is rendered possible to obtain the pho- 
tovoltaic element with the bypass diode that can be 
divided into an arbitrary width. 
[0066] As explained in the foregoing, the present 
Invention capable of providing the bypass diode layer 
including the second semiconductor junction under the 
current collecting electrode by film formation can pro- 
vide the photovoltaic element with a high conversion 
efficiency and a low shadow ioss without using a com- 
plex process. 

[0067] Also, because the photovoltaic layer and the 
bypass diode layer are formed in a parallel belt-like 
shape of substantially the same length, the photovoltaic 
element can be divided into photovoltaic elements with 
an arbitrary width. 



[0068] Furthermore, as the intrinsic layer constituting 
the first semiconductor junction layer and the intrinsic 
layer constituting the second semiconductor junction 
layer are continuously formed, the photovoltaic element 

5 can be produced in a simpler manner. 

[0069] Furthermore, because the first semiconductor 
junction layer has a triple cell structure consisting of 
three stacked semiconductor layers each including a pn 
or pn junction and the second semiconductor junction 

10 layer has a single cell structure; the photovoltaic ele- 
ment can be produced in a simple manner. 
[0070]; vThe"preseht invention i provides a photovoltaic 
element' with ^a low shadow^a;^^ cony^fsioh 1 
efficiency, a high freedom in dimension arid a high reiia- 

15 bility in the prolonged use, which photovoltaic element 
comprises a photovoltaic layer 32 having a first semi- 
conductor junction layer for generating an electromotive 
force, a current collecting electrode 34 provided at the 
light incident side of the photovoltaic layer, and a bypass 

20 diode connected in parallel, wherein the bypass diode is 
provided under the current collecting electrode as a 
bypass diode layer 38 having a second semiconductor 
junction layer other than the first semiconductor junction 
layer of the photovoltaic layer. 

25 

Claims 



A photovoltaic element comprising: a photovoltaic 
layer having a first semiconductor junction layer for 
generating a photo electromotive force, a current 
collecting electrode provided at a light incident side 
of the photovoltaic layer, and a bypass diode con- 
nected in parallel, wherein the bypass diode is 
formed under the current collecting electrode as a 
bypass diode layer having a second semiconductor 
junction layer other than the first semiconductor 
junction layer of the photovoltaic layer. 



30 
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A photovoltaic element according to claim 1, 
wherein the photovoltaic layer and the bypass diode 
layer are formed in a parallel belt-like. shape of sub- 
stantially the same length. 

A photovoitaic element according to claim 1, 
wherein each of the first and second semiconductor 
junction layers comprises an intrinsic layer which is 
continuously extended over both semiconductor 
junction layers. 



4. A photovoltaic element according to clam 1, 
wherein the photovoltaic layer has a triple cell struc- 
ture with the semiconductor junction layer consist- 
ing of three stacked semiconductor layers each 
including a pin or pn junction, while the bypass 
55 diode layer has a single cell structure with the sem- 
iconductor junction layer consisting of a semicon- 
ductor layer including a pin or pn junction. 
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5. A photovoltaic element according to claim 1, 
wherein the photovoltaic layer and the bypass diode 
layer are formed laterally adjacent to each other on 
the same substrate. 

5 

6. A photovoltaic element according to claim 1, 
wherein forward directions of semiconductor junc- 
tions of the first and second semiconductor junction 
layers are mutually opposite to each other, and the 
photovoltaic layer and the bypass diode layer are 10 
connected to the current collecting electrode at the 
light incident side. 



semiconductor junction layer, by using the same 
materials. 



7. A method of producing a photovoltaic element com- 
prising a step of forming, on a conductive substrate rs 
or a substrate with a conductive film formed ther- 
eon, a photovoltaic layer having a first semiconduc- 
tor junction layer for generating a 
photoelectromotive force in plural positions with a 
predetermined interval therebetween, a step of 20 
forming a bypass diode layer having a second sem- 
iconductor junction layer with a forward direction of 

a semiconductor junction opposite to that of the first 
semiconductor junction layer, on the substrate 
between the plural positions of the photovoltaic 25 
layer, and a step of forming a current collecting 
electrode on the bypass diode layer so as to be 
connected with the photovoltaic layer and the 
bypass diode layer. 

30 

8. A method of producing a photovoltaic element 
according to claim 7 r wherein, at the formation of 
the photovoltaic layer and the bypass diode layer, at 
least one of semiconductor layers constituting the 
first semiconductor junction layer and at least one 35 
of semiconductor layers constituting the second 
semiconductor junction layer are simultaneously 
formed with the same material. 

9. A method of producing a photovoltaic element 40 
according to claim B, wherein each of the first and 
second semiconductor junction layers is formed so 

as to have a pin junction, and each i-type layer of 
both junction layers is simultaneously formed with 
the same material. 45 



10. A method of producing a photovoltaic element 
according to claim 8, wherein the first semiconduc- 
tor junction layer is formed with three stacked sem- 
iconductor layers each including a pin junction, 50 
while the second semiconductor junction layer is 
formed with a semiconductor layer including a pin 
junction, and wherein a third, a fifth and a seventh 
semiconductor layers among nine semiconductor 
layers constituting the first semiconductor junction ss 
layer are respectively formed simultaneously with a 
first, a second and a third semiconductor layers of 
three semiconductor layers constituting the second 
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